The members of the Pitx family of homeobox transcription factors have been involved in many aspects of vertebrate embryogenesis, like for example, development of teeth, eyes and limbs. We previously reported expression patterns and function of Pitx2c in the generation of laterality and asymmetric morphogenesis of heart and gastro-intestinal tract in mouse, frog and zebra®sh (Development 126 (1999) 1225; Mech. Dev. 90 (2000) 41). Here we describe the differential expression of Pitx1, Pitx2b and Pitx2c during anterior ectodermal pattern formation and differentiation of cement gland, stomodeum and pituitary in the frog Xenopus laevis. q
Xenopus Pitx genes
A Xenopus Pitx1 cDNA clone was isolated in a screen for Pitx2 genes in Xenopus (Campione et al., 1999; Schweickert et al., 2000) . Fig. 1 shows an alignment of the deduced amino acid sequence of 305 residues with that of the two Pitx2 transcripts in Xenopus, Pitx2b and Pitx2c. The differences were mainly con®ned to the N-terminal parts of the proteins, the same region where Pitx2 isoforms diverge (Schweickert et al., 2000) .
Expression of Xenopus Pitx genes during ectodermal pattern formation
The temporal/spatial expression of Pitx mRNAs was assessed by non-radioactive whole-mount in situ hybridization using speci®c probes for Pitx1 and Pitx2 isoforms b and c. The transcription of Pitx1 and Pitx2 isoforms was detected as early as stage 10.5 by reverse transcription polymerase chain reaction (RT-PCR) (not shown). The ®rst localized expression of Pitx1 and Pitx2c was detected by wholemount in situ hybridization just anterior to the neuroectoderm at late gastrula (stage 12; Campione et al., 1999; Hollemann and Pieler, 1999) . This pattern was consolidated during neurulation (Fig. 2) . In front of the neural plate, in the mesoderm-free area, the anterior neural ridge (ANR) is situated, from which ± among others ± the stomodeum/pituitary anlage develops (Nieuwkoop and Faber, 1967; Eagelson et al., 1995) . This region is followed in anterior succession by the cement gland primordium, the anteriormost ectoderm (Sive and Bradley, 1996) . Pitx1 and Pitx2c mRNA were found in identical domains comprising the cement gland and stomodeum/pituitary primordia at early, mid and late neurula stages ( Fig. 2A,C,D ,F,G,I) .
Sagittal sections of hybridized embryos revealed that the staining included the super®cial epithelial cell layer as well as the underlying subepithelial sensorial layer of the twolayered ectoderm ( Fig. 2A H Hausen and Riebesell, 1991) . In contrast, Pitx2b transcripts were preferentially localized to the deep sensorial layer of the ANR (stomodeum/pituitary anlage) and excluded from the cement gland primordium (Fig. 2B ,E,H). The half moon shaped expression domains of all three RNAs in the ANR at early-and mid-neurulation ( Fig. 2A±F ) narrowed in the medial region at stage 22 (Fig. 2G±I ). Pitx1 and Pitx2c were continuously expressed in the primordia of cement gland and stomodeum/pituitary at stages 13±18 ( Fig koop and Faber, 1967; Hausen and Riebesiel, 1991) . The stomodeal±hypophyseal anlage stained positive with all three probes (Fig. 2G H ±I H ). The super®cial epithelial layer of the ectoderm directly overlying the invaginating stomodeum/pituitary anlage was negative in all cases (Fig. 2G H ±I H , and data not shown).
The foregut endoderm (roof of the archenteron) immediately adjacent to the hypophyseal±stomodeal and cement gland anlage of late neurulae diplayed weak but signi®cant Pitx1 mRNA localization (Fig. 2G H ), while Pitx2 isoforms were not detected in endodermal tissue at any stage (Fig.  2H H ,I H ; Fig. 3 and data not shown). Neural expression of Pitx2 isoforms was observed at mid-neurula (Pitx2c, Fig.  2F,F H ) and at stage 22 for Pitx2b and Pit2c (Fig. 2H,I ), but was not observed for Pitx1 during neurulation ( Fig. 2A,D ,G, and data not shown). The ectodermal expression of Pitx mRNAs at neurula stages revealed localization in common (stomodeum±pituitary anlage within the ANR) and distinct domains (cement gland primordium and neuroectoderm).
Expression of Xenopus Pitx genes during organogenesis
In 2-and 3-day-old tadpoles (stages 26±38) Pitx gene expression persisted during differentiation of ectodermal organs, cement gland, pituitary, mouth and nervous system. In early tadpoles (stages 23±26), the cells of the cement gland become columnar and densely packed. The glandular cells arise from the outer epidermal layer, while the sensorial layer Fig. 1 . Xenopus Pitx genes. The alignment of deduced amino acid sequences of Xenopus Pitx1, Pitx2b and Pitx2c. The homeobox is indicated in blue, a 16 amino acid stretch (aristaless domain) which is conserved in many homeobox genes involved in craniofacial development (Semina et al., 1996) is shown in orange. ) and the stomodeum/pituitary (yellow arrow; (A±I)), while Pitx2b was resticted to the deep layer cells fated to become pituitary (B,E,H). Note also that Pitx1 was not expressed in the neuroectoderm, whereas Pitx2b and Pitx2c RNAs were found in neural tissue (red arrows; (F,H,I) ). of the ectoderm is transformed into the basal layer of the gland (Hausen and Riebesiel, 1991) . The gland becomes functional in secreting mucous`cement' at stage 28 (Hausen and Riebesiel, 1991) . In the differentiating and active cement gland, strong Pitx1 and Pitx2c transcriptions were maintained, at ®rst both in the glandular cells and the basal layer (stages 26±32; Fig. 3A,C,D,E) , retracting to the basal layer at later stages (stage 38 onwards; Fig. 3H ; and data not shown). Pitx2b is clearly absent from the gland at stages 26±30 (Fig.  3B , and data not shown), while at stage 32 a signal slightly above background may be visible (Fig. 3F) .
The mouth develops from two sides, the endodermal pharyngeal cavity and the ectodermal mouth plate. An oral evagination and the stomodeal±hypophyseal invagination form and the lumina gradually approach each other at about stage 26. This gives rise to the two-layered oral plate at stage 35/36, which does not perforate to create the oral opening of the digestive tract before stage 50 (Nieuwkoop and Faber, 1967) . Pitx1 mRNA is localized on both sides, in the pharyngeal endoderm (Fig. 3A HH ,D H ,E H ,H H ) and in the stomodeal invagination (Fig. 3A H , E H ; see also Hollemann and Pieler, 1999) . In contrast, both Pitx2 isoforms are exclusively expressed on the ectodermal side in the forming stomodeum (Fig. 3B H , C H and data not shown). The pituitary is of dual origin as well. The ectodermal component, which differentiates into the glandular part of the pituitary, is derived from the roof of the ectodermal oral region, which separates from the stomodeum by evagination around stage 30 (Nieuwkoop and Faber, 1967) . Neural tissue from the¯oor of the diencephalon gives rise to the in®ndibular process, which becomes the neural portion of the pituitary. All three RNAs were found to be co-localized in the forming adenohypophysis (Fig. 3) . This is best seen at stage 32, when the pituitary has completely separated from the stomodeum (Fig. 3E H ±G H ). Expression in the neural portion of the gland was not detected (Fig. 3 and data not shown).
We have previously reported the isoform-speci®c asymmetric expression of Pitx2c but not Pitx2b in the left lateral plate mesoderm (LPM) and on the left side of the heart (Schweickert et al., 2000) . This is visible here at stage 26 and stage 32 (Fig. 3B,C,F,G) . Pitx1 and Pitx2b mRNA were not expressed in the heart (Fig. 3E HH and data not shown). The expression in the LPM was restricted to posterior aspects of
